Spatial vectorcardiograms have certain advantages over electrocardiograms for study of the heart's electric activity. They also have a marked disadvantage in that temporal relations are difficult to represent. Many of the advantages of the spatial vectorcardiogram can be retained and temporal relations can be adequately represented by presenting vectorcardiographic data as simultaneous traces of spatial magnitude and orientation about 2 axes. Such records have been derived from electrocardiographic leads obtained with 2 systems of electrode placement. The information known to be clinically important in the electrocardiogram was present in easily accessible form in these records.
R ECORDING electric phenomena from the heart as spatial vectorcardiograms has certain advantages over presentation of the same data as electrocardiographic leads. In the vectorcardiogram recorded from cathode-ray oscilloscopes, scalar components are combined in perfect time phase as vector quantities that cannot be accurately derived from the conventional electrocardiogram.' It is probable that the additional information contained in the vectorcardiogram will be clinically useful when adequate clinical and pathologic correlations have been made.
In spite of some desirable features, there are certain defects inherent in the presentation of the heart's electric activity as lissajous figures Because of these defects of the vectorcardiogram as usually recorded, it appeared worthwhile to investigate the possible advantages of presenting the same data on a linear time scale. The method of presentation chosen described the cardiac vector in its simplest terms, namely 3 geometric quantities as functions of time. A spherical coordinate system, which defines a point on the surface of a sphere, was employed. With this system a vector is presented in terms of a magnitude and 2 angles. The magnitude represents the radius of a sphere, one angle is the rotation in the horizontal plane from a defined zero angle, and the other is the angle of elevation from the horizontal plane. Other coordinate systems such as a rectilinear system, in which a vector ABILDSKOV, INGERSON, AND HISEY study has been suggested by McFee, who also reported the construction of a computer for direct registration of such records from 2 components of the heart vector. 2 The possible advantages of this type of display have also been noted by Frank.3 Sayer, Silberberg, and Durie4' reported observations on curves of the spatial magnitude of the heart vector and described a computer for direct registration of these curves. No clinical observations with linear time-scale records of both spatial magnitude and orientation have been reported.
MATERIALS AND METHODS
Thirty-nine normal subjects and 18 patients with electrocardiographic abnormalities were studied. The normal subjects varied in age between 18 and 35 years, and those with heart disease between 34 and 65 years. All subjects were men. A medical history, physical examination, teleroentgenogram of the chest, and routine electrocardiogram including standard and unipolar limb leads, and precordial leads V, through V6 were obtained on each subject. None of the subjects classified as normal had evidence of heart disease by any of these methods of examination. Among the patients with heart disease, 11 had historical and electrocardiographic evidence of old posterior infarction and 4 The other method of electrode placement was based on the work of MeFee and Johnston.8-'0 This "eorrected" lead system was designed effectively to modify the form of the lead fields by use of multiple electrodes at such sites that the fields were altered in the desired direction. The horizontal component in the frontal plane was furnished by a lead made up of electrodes on the left arm and a point on the left midaxillary line at the level of the ensiform cartilage connected together through large resistances and a similar pair of electrodes on the right side of the body. The sagittal component represented the potential difference between 2 banks of 9 electrodes placed opposite each other on anterior and posterior surfaces of the chest. The electrode banks were so placed that the center of the posterior bank was located 2 em. to the left of the seventh dorsal vertebra. Each electrode bank measured 12 by 12 em. Each electrode was German silver and measured 1 by 1 em. The vertical component of both frontal and sagittal projections was lead VF. Standardizing factors employed with the "corrected" lead system were such that 1 mv. produced a deflection of 1 unit when introduced in the horizontal deflecting circuits, and 1.7 units when introduced in the vertical deflecting circuits. Relative positivity of the electrode pair on the left arm and left chest, and of the electrode bank on the posterior surface of the chest produced a deflection of the electron beams to the observer's right. Relative positivity of the left leg produced a downward deflection. Six records were obtained with 50,000-ohm resistors in series with each of the multiple electrodes making up the corrected lead system. The remaining 51 records were obtained with 1 megohm-resistors at each of these sites. The effect of these resistor networks on the magnitude of deflections has been reported previously and was considered insignificant for the purposes of this study."
In all oscilloscopic records, time was indicated by interrupting the trace 400 times/sec. Shaped segments of the trace indicated the direction of inscription.
The horizontal, vertical, and anteroposterior components of the vectorcardiogram were also recorded simultaneously as scalar traces using a 3-channel direct-writing electrocardiograph operating at a paper speed of 100 mm./sec. Measurements of the magnitude of X, Y, and Z at simultaneous points were made with a magnifying film reader that permitted measurements as small as 0.003 sec. Measurements were taken at this interval during rapid deflections and at longer intervals up to 0.02 see. during the time X, Y, and Z traces were isoelectric or changing slowly. These measurements were recorded on IBM cards and an IBM cardpunch calculator was programmed to perform the following calculations: figure 1 .
The data presented in curves with the linear time scale were compared to those in the lissajous figures of vectorcardiograms and of electrocardiograms to determine whether those features of the latter 2 records that are known to have clinical significance were represented in easily accessible form in the new records. The plots with the linear time scale were then classified on the basis of the contour of each of the 3 traces. This classification was for descriptive purposes only and does not imply fundamental differences between the forms encountered. In particular, it should be emphasized that the plots of frontal plane angle that contain steps from +180 to -180 degrees do not indicate a sudden marked change in vector direction. With the scale used, the 0 to +1800 and the 0 to -180°a xes are the same, and the step referred to means only that the cardiac vector has swept past this axis.
Plots of spatial magnitude that provided a partial numerical description of these curves were measured. The measurements included the width of the QRS portion of the curves between points with magnitudes equal to 10 per cent of the maximal deflection, kurtosis (maximal amplitude/width), skewness (rise time -fall time/rise time + fall time), the ratio of the depth of the notch that appeared in some curves to the maximal amplitude, and the QRS and T areas and their ratio.
RESULTS
The Cartesian components plotted from measurements, and the actual electrocardiograms from which the measurements were taken showed no apparent differences in form. The comparison was a simple visual test for errors of measurement. Vectorcardiograms recorded from cathode-ray oscilloscopes were compared with the plots of the linear time scale. There was close agreement of the angles in the 2 records during those portions of the cardiac cycle in which the oscilloscopic traces were clearly identifiable. The form of vectorcardiograms recorded from cathode-ray tubes could be reproduced from the linear time-scale traces with considerable precision. This indicated that the time phase of the Cartesian components was adequately controlled in the measurements.
Certain information that could not be obtained from the spatial vectorcardiograms was easily accessible in the linear time-scale traces. In the former, the variation of vectors with time was evident only during a fraction of the cardiac cycle. This difficulty is illustrated in figure 2A , figure 2B .
There was an initial small, slow rise and fall representing atrial activation, followed by a low-magnitude interval corresponding to the P-R segment of the electrocardiogram. The more rapid rise and fall of magnitude reflecting ventricular depolarization was either a smooth curve or contained 1 or 2 notches. Another low-magnitude interval corresponding to the S-T segment followed. This portion of the vector magnitude curve and that corresponding to the T wave showed a gradual rise and more rapid fall. The return to 0 that characterizes the S-T segment in some electrocardiographic leads did not occur in these records.
The major variations in form of the curves were in the QRS portions. Twenty-two of the curves were smooth, 7 had a distinct notch on the descending limb, and 7 had a similar notch on the ascending limb. Two traces showed a notch on both ascending and descending limbs and 1 had notching near the peak of the deflection. Some of these variations are illustrated in figure 3A . The measurements of QRS width, kurtosis, skewness, QRS and T areas, and the ratios of notch depth to maximal amplitude and QRS to T areas are summarized in table 1. Statistical analysis indicates a significant difference in width, kurtosis, and skewness between normal subjects and patients with posterior infarction. The analysis consisted of the application of Student's t test for significance of differences of the mean. Based upon the sample size, changes significant at the 0.01 level or better were found in these 3 parameters. The ratio AQRS/AT showed a change at the 0.01 level with the corrected lead system, but no significant change with the tetrahedron.
Frontal Plane Orientation (a). Both curves indicating vector direction must be interpreted with reference to the spatial magnitude curve. When the magnitude was small, the orientation curves were unreliable, since small artifacts such as base line drift in the original scalar records may have influenced the apparent vector directions significantly. Because of this limitation, detailed analysis of those portions of the curves corresponding to the P wave and the P-R segments was not undertaken.
The well known variability of orientation of normal QRS loops was accurately reflected in the angular data curves. Despite this expected variability in detailed form, the angular plots were easily categorized on the basis of their general contour. The most common normal frontal plane QRS loop that is inscribed in a clockwise direction and has initial and terminal portions above the isoelectric point was represented by a characteristic linear time-scale plot of a. This is illustrated diagrammatically in figure 1B and by an actual record in figure  3B (record no. 1). As shown in these figures, there is a continuously rising curve as the vector direction approaches the ±41800 point and a step as the vector sweeps past this point. As mentioned previously, this step does not represent an actual change in angle, but is a result of the dual + 1800 point. While the loop proceeds in a clockwise direction, the linear time-scale plot shows a gradually increasing angle. If the step from + 180 to -180°, which represents the same point on the scale employed is ignored, this plot becomes a continuously rising monotonic curve. This plot of a was representative of the most common form encountered with 22 of the records in this series having this form.
Two varieties of nonmonotonic curves of a were found. Three records had forms similar to that illustrated by record no. 2, in figure  3B , and 14 were similar to record no. 3 in that figure.
The frontal plane orientation of vectors during the portion of the curves corresponding SPATIAL VECTORCARDIOGRAPHIC DATA to the T waves showed less variation than the QRS portions. During ventricular repolarization the plots of frontal plane angle appeared as almost straight lines corresponding to narrow T-loops. Most curves had a slight upward slope indicating clockwise inscription of the major portion of the T-loops, and were located between 0 and +90 degrees.
Anteroposterior Orientation (p3). The curves reflecting orientation with reference to an anteroposterior axis were remarkably similar in general form during the QRS portion of the cycle. A typical trace is that shown in figure  3C . As shown in that figure, the initial deflection was a gradual downward curve indicating vectors directed anteriorly. The form of these curves during their S-T segment and T-wave portions was similar to that of records obtained with the tetrahedron.
Frontal Plane Orientation. The variation in form of these curves was similar to that found in records obtained with the tetrahedron system of electrode placement. The QRS portions of 15 curves were continuously rising monotonic functions. Both types of nonmonotonic curves obtained with the tetrahedral system were encountered with the corrected lead system. Seven had the form similar to that illustrated by record no. 2, while 17 were similar in form to record no. 3 in figure 3B . Anteroposterior Orientation. These curves were qualitatively similar to each other and to those obtained with the tetrahedron. All records showed a gradual fall toward -90°, indicating vectors directed forward, and a gradual rise toward +900, indicating vectors sweeping posteriorly. The major difference in records recorded with the tetrahedral and "corrected" systems was represented by the quantitative aspects of these curves and those indicating spatial magnitude. In records obtained with the tetrahedron the QRS vectors of greatest magnitude were usually directed only slightly forward or backward. In records obtained with the "corrected" lead system these vectors were usually directed posteriorly. The total range of orientation about the A-P axis was usually greater in records obtained with the "corrected" than with the tetrahedron reference system. There was less variation in the range of orientation from subject to subject in records obtained with the "corrected" lead system.
Another difference between records obtained with the tetrahedral and "corrected" lead systems was in the average orientation of T-wave vectors about the A-P axis. The usual orientation of these vectors in tetrahedral records was near 0°while in records obtained with the "corrected" lead placement these vectors were closer to -900. With both lead systems the form of the traces of ,3 during those portions corresponding to T waves was similar. These portions of the curves were relatively straight lines corresponding to narrow loops and usually had a slight upward slope indicating clockwise inscription of the loop.
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Abnormal Records
A limited number of abnormal records were studied to determine whether the same information provided by the conventional electrocardiogram and vectorcardiogram was present in accessible form in the linear timescale traces. There was no attempt to define completely the linear time-scale traces in any abnormality, since a larger number of records would be required than was practical with the methods employed.
Posterior Myocardial Infarction. Eleven patients with historical and electrocardiographic evidence of this lesion were studied. The electrocardiographic evidence of old posterior infarction, consisting of large Q waves in lead II and III was reflected in easily recognizable form in the linear timescale traces. The initial portion of the QRS was represented in the frontal plane as an angle between -60 and -90 degrees. Angles in this range made up a greater portion of the QRS interval than in any of the normal records studied, and corresponded in time to larger magnitude values than did similar angles in the normal records. T waves in the electrocardiograms showing evidence of posterior infarction had low voltage or were inverted in leads II and III. This abnormality was represented in the frontal plane traces by more negative values than those found in normal records. As in the normal records, the form of the T-wave portions of the a traces were nearly straight lines.
No consistent differences in the form of these spatial magnitude curves and those of normal subjects were noted. Among records obtained with the tetrahedron, 3 had smooth contours, 2 were notched on the ascending, 5 on the descending limb, and 1 was notched near the peak of the curve. Among those obtained with the "corrected" lead system, 1 was smooth, 3 each were notched on the ascending and descending limbs, 3 had notches near the peak of the deflection, and 1 was notched on the ascending limb and near the peak. This incidence of notching was higher than was found in normal records. In view of the small sample, no conclusions can be drawn at this time as to the significance of the notching. It is possible that further study of this reference system and of vectorcardiographic data presented on a linear time scale may indicate that notching in the magnitude curves may be useful in the identification of localized myocardial lesions. Typical records from a patient with posterior myocardial infarction recorded with the 2 methods of electrode placement employed are shown in figure 4 .
The QRS and T-wave portions of spatial magnitude curves obtained with both electrode systems were usually smaller in these records than in those from normal subjects. As previously mentioned, there were significant differences in width, kurtosis, and skewness of normal magnitude records and those showing posterior infarction when these records were obtained with either electrode system. In records obtained with the "corrected" lead system there was also a significant difference in the ratio of QRS and T areas between normal subjects and those showing posterior infarction. It is possible that such quantitative differences may prove to be useful in the identification of myocardial lesions.
The general contour of frontal plane and anteroposterior orientation plots during the QRS interval was similar to that of normal records. As was true of normal records, the range of angular deviation in f3 was much greater in records obtained with the "corrected" lead system than in those obtained with the tetrahedron. Anterolateral Myocardial Infarction. Four patients with electrocardiographic evidence of this lesion were studied. Since this number is insufficient to represent the expected variations, only the form in which diagnostic electrocardiographic features of this lesion were reflected in the linear time-scale plots will be described. Electrocardiograms recorded with both electrode systems showed deep Q waves in lead I. They were represented in the plots of frontal plane angles as initial values in the range of -90 to -180°and +90 to + 180 degrees. These angles corresponded in time to large values on the curve of spatial magnitude. As was true of the diagnostic features of The numerical description of the magnitude curves utilized in this study illustrates other methods that may be applied to curves of the type described. The limited number of records studied does not permit conclusions as to the significance of these specific measurements but does provide an example of the precise type of analysis that is possible. Another method of study has been suggested by Sayer and co-workers,4 who applied the form factor analysis to spatial magnitude curves. Considerable study will be necessary to define the most significant measurements and methods of analysis.
The limited number of abnormal records included in this study does not permit conclusions concerning the merits of a linear timescale presentation of vectorcardiographic data. At least the same clinically important information presented in the electrocardiogram and vectorcardiogram was represented in easily accessible form in the linear time-scale plots.
The present investigation does not constitute evidence of superiority of either of the methods of electrode placement employed. Normal records obtained with the 2 methods were qualitatively similar but there was less quantitative variation in orientation among those obtained with the "corrected" lead system.
While not direct evidence, this finding is consistent with the view that less distortion of the electric field of the heart is associated with the use of this method of electrode placement.
SUMMARY
Spatial vectorcardiographic data obtained with 2 systems of electrode placement from 39 normal and 18 abnormal subjects were plotted as curves of magnitude and orientation on a linear time scale. These curves were constructed from measurements of simultaneous electrocardiographic leads with methods that allowed measurement at intervals as small as 0.003 sec. In addition to the obviously desirable feature of a simple and adequate representation of temporal relations, the linear time-scale plots had several other properties of interest. The highly variable orientation of normal QRS loops was represented accurately by the quantitative variations in the curves of orientation, but qualitatively these curves were easily categorized. Many of the curves of spatial magnitude showed variation during ventricular depolarization that was represented as notching. This variation was not easily apparent in either electrocardiograms or vectorcardiograms recorded from cathode-ray oscilloscopes. The possible clinical usefulness of this type of information was indicated by some of the records from patients with myocardial infarction in which the notching of the magnitude curves was more marked than in normal records.
In the abnormal records the electrocardiographic features that are known to be clinically significant were represented in easily recognizable form in the linear time-scale plots.
Records obtained with the equilateral tetrahedron reference system were qualitatively similar to those obtained with a "corrected" method of electrode placement. Those obtained with the latter system showed less quantitative variation than did those obtained with the tetrahedron. 
SUMMARIO
